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! STAYFORD RESBARCH INSTITUTE R
: Interim Report b e
i - e T ~ o e
i o ) u 2
' UNDERGROUND EXPLOSION TESTS AT DUCWAY i
1 B - = s =R
P 1. INTRODUCTION 7 C-

Tois Interim Repﬁrt cm t.brae aﬁe'zst.s at tha Duguay hcving Ground durxng Hay 19 '

; ’ ﬁﬁ&la VItb the etrecc of underground up’os ona (od1] surtace atruot.ures. i‘he principu}.

4{ oo aubjocta nf tne rcport compriae- (a) deacrrpiicn azd cmants oh the”p&rfomnoe or i

! } f’j 1““"‘“““‘510!* Qnd”Oqulmnt' {p) pqruial results in. t.abulpr rqm, and ;o; fragmen-

° . t;:g analysi: of. the. d:ata tognher «5(1&3 eon‘.e gem:al cmegcts. - kplmaia !m.q bsen f—%f-%fﬁ.j

,,,?hc“\ upon Lhe perfa‘manoa cu tnrequfpman‘“:w“trrﬂe- t.o its robomndation ror o

il and upoul maxlng the data avall abla at r.ha alr{im pouible
< - S _ ‘&_Ho..«c:_,; - . 2 Sen :

= = - z = - v -
= . 3

=2 . —_— - R (‘ oy
>

- - ’I Jﬁ -
‘nxe onioamnclusiozr to-be’ draﬁ: rrom the fnrom tion presaatad lnvthis Int.erin .

‘\

.;.7 + \ Eh
- ‘?xﬁoport is that th& muimert and p};cceduroy were rundamentany saﬂaﬁotory..‘ The . ;ﬁ\e

o v - = - sz LT = T - hd ¥\ .
o T ) Leahniqubs. pcrhapa with“h tnr vary misor mdltace,:,!o&a d%scribed in \:he text, are ) \‘\i\
}"}{ rgcmeadod for rutu.re tests.~ § o ; T 'x; '6 2
= T i = I N 5 .. . N s N
CE o < o . Je .
B i .At. prsuent beousa of ths comylexity &n(‘ amo\..nt.“‘or data procured, it is poaaible

[
‘. = \* Dr

. to roportr onl;*tha lnromuion 01‘ partiaular mportance that éouldf be analy"ed quicxly‘ e

- - Béaana, of the grsat nass of datg, and H»acause a. rather axtenuive mnaipulation will bs

i raguirsd befors valooitles and transient dimplacements can be determiaed, only a very

brief and fragmentary analyeis bas boen parformed. In the rinel 'r-eporp the"uhﬁLyzed

data available Trom tho frogram will’ b’b presented in ccz;ipleta detail.
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CONFIUENTIAL

A. COuneral Deseription of the Tests

.The three §xplosions wlﬁn whioh ‘this report ls concerned werc &8s féiibv};'s: \'

Charge Slzse Depth of Chargs: .
Roynd No. Lb. of TNT Scale ¥eat Scele {(Ao) ¢ Date
ns 320,000 1.0 35 0:5 May 22, 1951 Y ¢
. 315, -+ 9,000 . 0.5 17 0.5 May 10, 1951 - 7
L3R 0 2,560 . waz ol 7 0.5 ¥ay-5, 1951, T o
N ; - = B - g ’
I Thsos :t.;u'ee ab@ba}rlred in df'y; c}aq s‘é‘n Vat 'ﬁhite Sage Flac—sgin{t.ne;szgway B N

Proving Ground, 'were 8" smal,} group Qf a large seriea of *shots in both drx cIsy and in, e e

éthar typea ol eoil. Lll r.neae %ésba a.re bueny deecribed ip- t.nx-ee booklets issuea . -~ ' |

. - St . A N n o B

unuer za%utr%e eru "Undargrcmnd xxplonie&!'esw" He%e%es'iw—@on%rucniw Bran&h

- ER e
&

Taé bockiet eﬁt&tled "Program - -

- -

h ‘—ﬁ I—! u:a:in-i&}'lfjk“ jn‘:lrnldau“xhswxa‘e-'x;a renartad _hapa - hut . - P - 2 o
e == v'v \i: “'——v T ’ T BEENETEE S R

primgx‘il, out.‘sid% the’. acap of t.his report. - The booklec entitled “Progran B ’I‘asts m o o)

S ET S e . S X.,

_ Rock"® hau:- nb on.neg{-ion wibh tbis mport.‘ ‘Tae’ Egokl«et enticled 'Supplemsnxary Progra.n,
e 4 F
Surrace eructurAe ’f‘ests "~Aatad Barcn 19;.1, is coﬁ"erned drreczly zmd sol;ny with Lne

/ﬂ‘
. 2N ‘
e, ) kel
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3 B. Puwose and-Scope _nf the Teeta Son T e e T

) lopg. range‘- pmjpose of Lbisjﬁuﬁpiémentsry program is-tn obtafn experis

mental- datqr froxm tixe tbrie viploasions cited whieh willk facility -, an g,stiuiatf; 0}’ the
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¢ffects of lergs undergrowid explosions on surface structures iu comzon use feday.
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It woz provosed to-oceomplish thls purpore priworily by wmaking mBeasurcuunts

un the ung 4 footirgs eud by comparing those moasurczents wlth measuresonts made in
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CONFIDINTTIAL

the so0il and in the air ali at the zame distances from the blast, Although the meas-
urements in the soll were uot originally & part of our program, it wes later decided
that an importeant advantage would ncerue it soil measurements were made with an in-

strumentation system similar to that used for the structure measurements. The deter-

mination of the fundamental properties of the air-blast resulting from these explosions

was & part of the primary purpose. This was impoertant both for its own sake and also

to permit‘correlation with the structure measurements. s

Since the forces on the structure footings and their movements may be affected
by the elastic properties of the ’omd on them, two types of loads were used. Ope had
elastic propertles apprexziueting those of actual buildings, while the other was intended

to provide a purely static load for the footings. In the structures having elastic

’/
properties approximating actual buildings, two stiffresses were used, heavy and light.
In the structures providing only static loads, two footing depths were used, shallow

and deep.

The transient horizontal (ra¢ial) and vertical accelerations of the test foot-
ings were measured. The angular acceleration of the foofings in the vertlcal radial
plane is to be deduced (if possible) from measurements of the vertical acceleration at
the center and rear of each footing. The velocity andvtrér 1t displhcement of the
footings will be determined by integraticn cf the aécéieration records.

The immediate purpose of the. supplementary pfcgr&m was to establish by measure-

ments the certain datsa concerning the effects on surface structures of the three under-

ground explosions in féry clay. The objectives were:

CONFIDENTIAL
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a. To make measurcuonts, using electronic gages, of the quantities invoived

at the locatiouns listed bolow.

(1)
(2)
(3)

(4)

{5)

The horizontal radisl acceleration of each test footing.
The vertlcal acceleration of each test footing.

The vertical sacceleration at the rear of selected test
footings (to permit deduction of the angular acceleration).

The horizontal radisl acceleration of the top deck.of
certain test structurses.

The skcar strain at the center of certain columns in some
of the-test structures. :

b. To establish scale relationships by conducting tésts on three rounds:

one at tull scale, ons at 0.5 secale, and one at 0.2 scale {these are Rounds Nos.

318, 315,

end 312).

c. To measure free air pressure vs. time at several distances from each of

the three charges. 4

d. To establish the effect of type of lcad on the acceleration of footlngs

by making measurements on the fullowing target structures:

(1)

On_the 1.0 scale shot {Round 3.8)

(a) Three rectangular structures which load, the test foot-
ings by a reinforced concrete upper deck supported above
the footings by 6-foot heavy steel coJumns on l2~foot by
8-foot centers.

{b) Three rectangular structures identical to (&) except that
light steel columns. are- used. -

{¢) Two triangular siructures in which the test footings are
loaded by a reinforced concrete deck gsupported dir ‘eﬂtly
on the footings.

CONFIDENTIAL
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() One simulated bridge plor.

{2) On the 0. 5 _Bosle shot *‘Houndjl_g_)

{a} Thres structures which ars 0.5 scale atatic mcdals of
the stmcturas under 41¥{e).

N l(b) One atructu.re wnich 18 8 0.5 scale dynamie model Qf ‘the -
‘ atructurea under (f)(c) - ] . -

a

’ ’(,0)7 _.One strqctum which fa a 0. 5 seale
= _etrucmre under {17(&3 -7

. Two struct.ux-ear ‘walch arg-0.3 scale dynamic mcfef§°cf the e G

z(atructura under (1)(d) ‘e ; R =

o £ ~ ey - 5 .

On th 02 acale al’.og_(Romzﬁ—?lZ) T S R

i~ . N o =

e (a} anee sttuctures wnich are 0 2 scale st.atioumodals of one e
=steo . of ths af.rx.ctures undar {1}{b).. 2 , s
: i Tela T ° == Ly T e o -

\(b} Tﬁree atructurés \\mich ‘dre O 2 “scale dyn nic mbdels or
© one of the strudtures und«r l)(b).* L

T r-—/"\c-—ﬂh_, -——v—\ = == — — = =

16) 'No structuron which are O, 2 Qt‘.ale scasic mdels of

- structures undar (1)(@) o oru o % e g

5 e ({ﬁ {Jne BtTusture vtﬂgh ds a 0.2 scéle dynaznic modal ﬂa? the G
; sy =t structuxee undelﬁlj(&z) o .

. In eddifion te 'tnese:meésurémen‘t‘a éﬁ the st.ru,c‘t,ures‘ tbs' Instituts made ‘sone

& o —

' '?fumqjaeurements"or “aoogl acteleration. Txfesg m:asaromenta of tpde s@rth acceleration near

- > e

B t.:ﬁe Aurracé%‘weré :nad\e expr esaiy for \.o-ralation -dt.h 'he s*.,rucmra rootﬁﬂ*taxemtjons.

Aﬂditionsl aimilar measurements were nade - by the xngineering Rasearch Assooi&he‘%. - How-

ever, thelr measurements were msde with sntirelyrdix ze.vam. geges #nd recording equip~

ment, Moreover, moat of thess rocerds were taxen at distances from the chargs conter

diiterent from those used for the strusturs measurements, and wgfré‘obb,eined in & coém~

plutely different sesotor from the structures. For all of these reasons, diroat eQr¥a-

lation of structure behavior with the B.R.A. measuresents is of doubtful voluo.
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I1.. DESCRIFEION OF THRE INSTRUMENTATION

A, (eneral =

'I'ha inatrumantation on’ ali th»a was lam out_go ag eo place the recordmé’ -

[

oecillosmphs in a treiler yrotected /'rcm the blaat. and shock at an average distence or

<3 4

o -
< P T o A

/

) source ror the- reuording trailer way 8 S-k’ilowaca Onan ge"eraf.o:, dr ven~by a gasol}:ne 5

ot

RN

’ englne, W‘ﬁz 8 duplidate unit for ﬁandcby. Arfer the equiment m the trailer had been E

- - ~ <

U connected and ad,}usted ‘the tmal oparation during eatfh shot, vVas controlled fram e pblnt 'k

R o

about Gne mne anw.~ No parsonnul rmmed st . Lhe recording gquiment during the ahé/”y“ ’

- - 2 e = = - - & :‘}/1 .

- %, B 3
Tba rannte control ;gyat.am m si.ngutied a_l.noa!, to the%int or H.ai%iwg%t. to ths Sta,rt- -

x‘{:g of “the paper-drive mchanisma in tbe oscillograptxa. & tow talk-baal
—— Q“‘ B SEL S i:—:»‘:‘_—_@z.a_l—

. Me mve utilfzec} to indioat.a actual papezkaovemut and t,o 1ndi Lo no;ﬁal or '

CH TR > - ~

o almomal voltagmajtna rew importag,t: paffnjga. Theﬂe circuita wqre inatalled fqm pur-
: 1[

i c

I = - .\.» e R o&‘ - £ B

° coul&”be post.ponad. 3I‘nif;, wes nar. necessary”ia any ot me %dstﬁ.r R

R = .- o 5 pe e

T L e a . z - =

- _Ut;; frestimatsd that a_ saving px about’ 350, 000 req& of I.Lre’ condﬁctor oubIe wgt,s“ac~“_

o

compliabied) ang te merovevthp gags eensit.iybit.y.l
wers obtalnued a8t the expense of incroased hezerd of failure, due to the ramo%siy con-v

trellcd sguirwent, Ne fuilure of vquipnent could ba attributed to the véumoie-operatien

foature on any of the three Leats.
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= ="~ B, Agnelaro matg‘rs - L ) o -

Tne primary 1nstrmantatian of at-ruoturea wa g by -@oans ot aoceleromet.ars on ube

footinge and’»’on the top dec&c.‘ Alluaccelerometarawwere or,t.he bala.nued-reluptanoe type

built by the iﬁancm kngimering Gompany. Theay g&ges are juppliei through a bhrae -Gon-—

-~ s = e

_ ductor cable with approxmately la* volts at 3000 cyclee. 'rhe outpuu a*n rated vaiue of

- ni‘c&lnra@ﬁn is aypmxlmatiey one volt and the out\put 13 yer y neuly propﬁhm1 to’

! accelerﬂtjon ror s,ll vuld‘ea uy t.o abox.‘t. .‘..S umes “Fhe ratigg Tne spurigus aigna.ls and

R X7 - ’} i

E output. Sirine ‘the sis-aals aTe tmihm‘it’cq,d ovqr the 9hrcevym4gc:c?- cableavet a hign =

e - L.;c - © oW o 5

total result) thd

-

energy leVel f.h‘e cables gxe ‘not ’an i,rfportgnt aourea of noiae. A§ g

= ]

tlvity to’ about one-~ sixth of g or Lhe otner ea& gage ean ““a nade 1o pmduco Twe | - -

o oe

traces on the» osuillograp)? rgmé‘rrering by @ racwx- os 6 in ugnl;uma., Iﬁ—fs‘ﬁé‘s“c:
. s i

i

L Q &

Wsﬁ tbe masnitut!e ot ana ageelera?ie.u@ to be. mnasured was quite nacertuin t,h:‘;:

- W
- o~
[a PN

ke T o~ =0 ,_,,,_,,-‘_— =

u o -

'sansitivi?y traee was 5t11] of readable a.:npli'ude, whema& woen the. :a@iaude w8 S x R

- < -

the 10.«-—90nq1r171ty trace rem&h&ad on ths rscording PERPBY. Dn}y thes exca].} ent siv 1 -

MAocise ratio of t.he vﬁrijtrle«-'geluntmwmgggles and the assooiatsd eIeot«ric&L—ng.w.its ey

mitted ;tbe recordiug of data having so great a range of nagnitude.

v

Thres ranges of agceleramsfors were ussd, sll belng dempsd to aboubt 0.7 oriti-
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cal. Full-sodrs renges and natural frequenclws were as follows:

Ratural Fregquenocy

- o Full-Scals Range - {oyoles: pes second )
: 8 - T1g0 - -
. P - .58 . e 7 -80 i e A L

+ I . e P - W e

R

P
- Th€=acceleromeﬁér§‘i§re conneoted ;t0 one or “two of tbe~¢eco*d1ng gs]vanomggﬁra

'-—',_,._.:._ e

/7\1

ror aach uocals?omster raningotha gaIvanome&yrs !sre choson so that the uppar linit or

< 2 > <

- ~ ~ - B

- treqﬂency roapcnle e: Lhe ayaten was. danarninad by tho loaéiarouetor. i B ;7 . Lo

. ¢.c Strelp Gegesé e ) e T T

“In addi&ion/to—the accelarumare;s;weno struassrea :are 4ne£nﬁuentsd by Sﬁhxre-

1staneecv*re strain geges Qiac‘d on eaeh side or the” cen:ral portioa 3y th -eb s of aach_,

R

aclumn cf ths r8a tangular spructures.‘ ?aa eLﬁments as*rape?ved r*om Baldvin Southwark

werd erdsséa at 900; xhsy we:e tnsn attacned to bhe«columns so tbat eacn élemvnt fbrmad

R

an angle of 45° to the column axis, and hence wben properly ccnnaoted would maasure the

- shear strain in the colump.

These elements were connected to form the four erms of a Wheatstono bridgs.

CONFIDENTIAL
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The output of $he strain-gage bridge, after maplification Bnd desodulation, was delivered

to recording galvancometers with the followlnp characteristioes: - o - w LT

w7

. °  Benditivity ' Natural Freguenoey
{milliamperss pesr inch} {cycles per sscond).

=3 1’4\‘. ~ 7‘ Q‘é\\u‘";‘ ‘ r‘~.- . . . ‘}I;O - R T . ‘A. f" -
: S e inog S ST et s

i

< o -~ -

e Tgm prper 1imit of frequency respoise of ‘tHe strain-gdge Chanbels is fixed.by. -

N . : B - R TR - ST LRy {:V‘i‘r T R o e e
" the galvan mnt.érs. Sinte the mxlmu:i value o:m“g_m:m atraiz-near ‘thel center of the - . -
IR R & o . ° . K e :
°. colwpn Xs limited by ?he tﬁck “hat the co;umnh tails in Bsr.di ding ! at the t«o?p, asd aince the BT -

77777 ~—;v"v . s

lineaf ujﬁ'an"a ?Snu S tEe” in&&vid\rif“ﬁiﬂfaxéments whan placed 1o m-aaurt,? 8hau.r strﬁiu are . L e

- ® -~ -

not as great &s when glaced to medsure- the ene Bion due to tenaion or oending,‘the siga e —

a .
B S 2 - E .

"":7\\\“' Cee - 2N v B
d\ “nalit,o-noiae ratio acrmnly observed on the étrain-gage cnannels-is- m‘h“fderably i’nfé’x’?‘for

,\.::..‘ i L TR ] s S
c. to-thay obaerved on the amleromf.er ohannels.

& - @ e . 7 =
< = = : o

': . ) . - 7(/-{‘; e ) - I .o < oo v Lo o,
- . i - ool R . RS = . = p
SRR+ X nrQBlaat ;- el e g LT L
:‘ ooy - e M To. toe ' ,’ L~ » It - = B = . T . .
S " ‘iﬂx preaeuro gages by whicn air blaat wag z:easured vgare or the ba,lumed—relue-
“ ul - \

i tance Ly pe man,xfacturéd by h’iancsm. xlect.r&ually, tney are essentfally 1denuca1" to the 4\

- - . - - e

ac..eleromﬂers. lso.banic&llx, ‘a Bov._rﬁon ube controls the moving amature* ul tﬁ’ef oo -k

= s e -
BT < - - %

—= //‘,,' \v

gq&e; ussd had & z".ul scele Talge of 10 pai and a- rise tipe lto Q. 9 rlnal valde) qr 0.3

v -

A4

mil‘lieeconds. - A rorous plug vas m'cludud in these ga‘ges by which ‘slow v’arlaLiOns 1‘n"5t-

N - A
mospheric presguras were autoomatically ‘halancg-{t ‘out, The tlme conntant of the porous plug

was 10 to 120 =szcohds,

Thece gagas were nounted in ths center of a steel b%affle, 12 inches by 12 incles
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‘by 1/2 inch thick, which wes supported about fourtsen inchss ahove the surface on a 3-
. inch pipe, as shown ir ¥igure 1. The mounting was orlented so that the plane of the

baffle was vertical and radial; thug "side-on" air pressure was measured.

These gages were oconnected to recording galvanometers identical to those used
B for the acceclarometers {all 340 cps

c.2

gxcept for a few 4,60 cps on tho O.
scale shot). The upper limit of fre-
quency regponse »es therefore deter-

mined by the galvanometers.

E. Instruments for Scil Measurc-
ment

The acceleration of the soil
was measured at a number of points by
the use of two or three Wiancko accel-
erométers mounted mutually perpendic-

ular to each other inside canisters

. - ‘»‘L;?;>¥‘ '.‘”;;i: t buried 2.5 feet deep. From an instru-~
Figure 1. A;r~Blast Gage Mounting } ment.standpoint, these measurements
wers identical to those on the acceleration of the étructures and the same comments apply.
The canister, shown in Figure 2, was designed so that when complete with the
gages its density closely approximated that of the~sqil., After placing the canisters in

the earth, a lightweight, quiék—setting cement was used to fill the annulus tetween the

_ canister and the hole. The remainder of the hcle was tamped full of earth. The combin-

CONFIDENTIAL
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atlon of matched density and cement was used to.give optimum coupling of the accelero-

meters to the earth.

In addition to the measurement of earth accelerations, measurements were made &t

Figure 2. Canister and Accelsrometers Figure 3. 011 Bag and Gage for Measure-
for Measurement of Sub-sur- ment of Sub-surface Hydro-
face Accaleration. static Pressure

selected points of the change of hydrostatic pressure in an o0il bag buried in the earth.
Theas pressure meaéurements were made as a part of a different contract and are
here only because the measursments were made simultaneously with the measurement of soil

accelerations. The'pressure gezes were of the Bourdon tube balanced-reluctance type

ONFIDENTIAL

[



12
COIFIDERTIAY. -

manufactursd by Wiancko, and were elentrically equivelsnt to the aeéelerometura. A bag
&fd- gage are shown in Figure 3. The gage contaiged u porous plug which autouetiecslly
balenced out uny slow chunges in pressire. The rise time of these gnges was about 0,3 !

_ milliseconds. T e Rk - foe DR -

o

lﬁ‘l ed ‘(aoprene beg

l»‘:q PR I

bbl= wag’ left wi thln t.ha bag fexcepu rm “the min-

e T T 7 o S

‘ute bubble inside t:;e pre*ﬁsurc'gase “case benind‘ ths porois piub) The cemplete ﬁeeﬁ.hly L

- e Bn:i cere .was takem to :‘}aa t'xat no aip’ b\.

= - o o . -

Lo == -of p‘es.m gage and Mopze%‘é bas was "ovrered to the boct.o.n o{n the-hole and _maa; tnan sur- N &
B SR e e ] oo o . (‘f’ . . R .. . B Pa i‘,r ' o
i . rounded and covered vy Aquagel benrohxté mud, after avnion sba “hole was t.amped t'wll ot =~ ok B

L.

s e, S s L - - RN e g e =

sar;h.” - TE 1" o e == T

o -

‘ « . _ . - . . U
" 4 o7 - . <& B o - Yo T X (R .
. Geble <o D o o - g - - - = b eev, P a8
N oy ——— < < O < s @ = \ : 5 -

o e

- - : bt - © - o - -7 - E :
a s - 2

mﬂr&mﬁ‘. t.nr€9 eonduxg:tor Mcmphone “cable agmpyod with SN

K = = . - §- .. B -
e - a e

Cannon pluga (ﬁ.- -11 andf’n. 3 12) waa used to. -the Nluced—leluctuco gagog. br the ’ ) B

w TE

sfrain gag&s t.wo lengtus of two- conauc_tm:_ahielded Beldtn No. 81,22 cable were employed.r S € B

- <

e T ’I-“’e cable by 'ﬂhich tha insbment ti'ailur was con}ro}le;l rrom a remote péint. e B -

° o . A . -

N - . - : . ¢ O

. 6. scillogragga S ‘—: S o L T - o

B ST . = L . - v -

= E

Gurporar,ion. Raoh osciuogra}h has pruvlsion for thirtj record!ng, galvancmeters and sup-~

plins records on ]‘.eiueh-mide ps_{,er. In order to obtaln grester spacing between indivi-

g '
dual tracas on the records, ouly tubnty o twenty-rive galvanometers out of the possible

N 'i . = ~ . . L ° o 3
; - . CORRIDENTTAL :




. { N hence tle rawrd arter %.he shot was lisnjcad to auout ll.S aeooni—s. A o g‘l s : T
- ) f )7 o ." e ) ' - =7 _ g
. . = w!aqh tws t.he paper drive is startsd an automnic machanism 1n tbese oacillo- -
- ” i R ) B \‘ PR - Loy ‘
.oe gn;.ha prov!dea fer a cqlibmtion signaA 4o each channel™ f\xﬂsequan T Tl e Tk T
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thirty were ured on eny single instrument,
These osoillographs, whioh wore ovorated ot a recording-pagor upc-od of about
15 inghes per second, provids automatic transverse timing lines at 10 miliisseond inter-

vals. 'I‘hed,iming ic determinad by a temperanure‘com.*ulled tuniug fork.

- . . I

A 200 foot roll oi’ recording pager osn be yL&C&d In ths uﬁgaaine. At the re-

- v I i S g

N

e 2 = 7" =~

©
< c

‘me ensusﬁe wnsid&ration giveh r.o naxxmn x%h!abiuty is nxgetrat.gt! by “uha.

A‘ cm e e T T e s ‘-2' o -
nfovision rﬁr ;uhcnat.ioiu;ortlon o!‘vu atu;d bwt sou.roo in case of tailmof the -
) -l ERA NS Ay
N nomaJ: \‘%oorétng, ngac aam'cs durlng opention. - = S zman
7@—_:;’17’."/ - \\ - . e . . -3 c )
_H. Iratlers R . S B T, ) ) ’ o

. e - R
e e - & . - - >

: C ', L t.yp-e K-19 me;l !am;y comunicat.;ons trausr wuacd “ths mplete recording :

O

eqﬂlment. Thia uauar wau }:»laced in & pit and wis aurl*cunded by a pro»e(.f.lng she}ter
- P - - S \ < i A |

‘dur!ng each rhot,, A aeismle-typs plckup mount,ed in“the tra!ler was connacted to one o; =

- tte ,mgcriing_;cﬁam;nls;irumdér to meusuz‘e the-time of arrival and mgnitude of the

trailer movement produced by the eir blaht and the earthk shock waves. 3; thisﬁeans it A

wdy determined tnat po spurious sipusls were obtained during any of the three tests ow-

ing to the motlon of the trailler.

A similer trailer was fitted sz a shop, and wag removed to n safo distanco =

COHFIDSNTIAL




. Dorps of Bnginaaeras to prnteut ths tralier on eaoh shot..

—ox‘ the///e\x‘plosions. pormitted pro:npt prooeaalag of :re ﬂve dsciilograpn reoorés ntier

T tomine gain aettmgphna mezr\ment layouta for subaequem. t.uena.
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shortly befers aaoh shui wus fired,
I. Shwlters ) i .

Timber shelters for thé inatrument trailer wara daaigned and providad by the

They proved entirely‘adequte.

3. Darkfess - A L

: = N . =7

e

-
<

nch exploaion.‘ 'Phis prompt procansing (all tbe Pecoma wers available. for —atudy within

o

ﬁ-a hous rollo'ing the abot) xfroved of nry groat mué in permitting amlsis to dg—

o - °~:

Duruoom !nci’it.iea wnetmcted at the Dugway mnﬂ!ﬁh‘hﬁea ?rm the sito

An autmtiu devalau-

N
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’_/Ing nching,_hpil;.___by_,t-be atinu'a vu uud to proca & the ,h)ug, 32~1nuh-nida reoordr: R
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A 7;_1,%,,\ PR S o A7
: - B 5 B L == = 4=
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ot - ) © e - ) - = 2 =
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IiX, ?ZRFOM C2 OF THE njsmm@ﬂ
A. General

The over-all paerformencs of the squipment azd the instirumentation procedurs

used was eutinﬂg a.gfdafactory. ’ﬁe:tg_!_t_nanaaaa::y__tn_do.sa, wo would have mo hasitat‘ion

- in rcmmmng thn msntiua; equ.pment &miprocedura rur future t.aat.s. The dirriculb

Eie:,s deacﬂbed below, althnu’gn,excluaively minor, a\xggeated a- rew aﬁght modiﬁcavions . -
- o - _»/\ o - L P o s (‘\\"
1in the recommended procedurs and Bﬁufﬁ?%tf o - - T L.

The most bagic aspect of ‘the inatrénenotet_icsn“p‘lan namely, the rmto*"op&ra-

tibn of fhs“ rééortl‘ix'xg equtmaﬁt. proved or great. q).ua. ’m; ..@chniqus made poaaible &% e
) vary larga_naving in oable (wh;ch is af ertmce Lt&uar coat p'sparaucn t;.gq 9nd
- - - h ;L z ! = \
»tuc Betweep aucqnsive uestu. ‘lith a aingle oxooptwr: thoro is no ovidenoo um. ,tho _

'’ o S8 - - 4 “tew
AN

_inoidenoi of tna air- blaat or~ a7 th-(ehock waves on ‘ths- recordtrrgtquipont hqd any otrect G‘
k3 B - N N k - _‘T

"‘oa—che—ptbmry ranorda; I o= e ) i . e - 5

e

N ' ) 'X'ha yrocedum ot' uaing two galmo&et.ers on eacu gagu MGE deaonurut.ed t.o
a e

4 ’ - o ~

be very véad‘@le indeeqsx & conuideraﬁie porﬁor of tho m::ortant t?n’a on tha full acuheh

= =

teat at- Dugwag vomd bave beau los,t whoily or° part.inlly, 1r Lhis prooedurs nnd mét en

LN e o

7!01101!0:!,\ It, 15 our reomendutim tb@t in fufure similar tests pncticaxm c?*sx -

o B s ’« - - =
o, S 0 i > o - -

nels be connacted in tb1 8 MBDHST. It shgg%é bgj}p;?d-ag&iri‘ “at this procedurs cangc- *

successrully\‘foﬂou'egi %itil‘out 8- signal ieyej end a aigﬁél-éb-nbise‘xgti‘(\ of Lbe RS
lence obteimgdle with €heé btalanced-reluctence-type gége‘manufacsured’ by bhe Wlanckc Lol

- peeying Company.
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Ny mga a1a rifg.

= mi;liaéconda lﬁ all or the other gagea conﬁeored zo the same oscixlator.

" o! Toth dollars‘énd>spacd.;
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B. Agpuslerometers and Nouptines
No troubles werc entountered with the accelerometers thesselves. However, we

weya pware or the poseibllity that tho accelerometer mcunt ngs micht ring (osolllate at

thelr own natural rrequanay) In preliminary tests mads prior to na flrst exploaion,

2 \\ <

- PR

The replacnment ot“tfése mountings by ‘wooden” two-by-rours safistactarij&°
o - : A o

- W on E &' T
‘elimivated the rlnging. e C - ‘ o s

T in?tag trailervsuppliéd‘power Lo;twq}ve gageg;<:§nte%.“ption qutte pow;r supply te any .

N £

e g e SRS e . . ne

!o*ﬁ‘éompla%

1solozlon or cn; po‘ﬁ? aupply to 1ndividual gEgea appears Lo be qul&o experaive i

el S D

7 ==

R S~
We tﬁereroreuveeommend thar‘this zlﬁor difficulty be to:er»

" b - - o - B

e vc'

Straln Gagg

a” -
'\,'c kfl

i ated 1n ruturb tests but thaz cabla breaxage “be ninipizsd.- .. -

a
= \\

- =]

. ) i
;~ Beaauaa;of tha jnuarent 1ow senslitivity or the xeeistanca-wire sbra*n gagea,

o

R

the signal to-nciae retio of thé strain ohannels is ﬁera much pooren :naa thag of zba

agceisgometar chagnels. The,strain—gnge rncorda enou afusgu rrequehuy ripple (abaut LQO

cycles por secord) which is ba]ieved ts he & beat rraquanps betweenﬁ&he Miller {atrain

gage) oscillators and the Wianako {acoelerometer) oanillatofs. It iy doubtful ir addi-

tional filtoring to reduce this ripple will bte worth 1¢s cost, and it is 6ur revcmmenda~-

tion that :atraln -gage channels of this type bo used wherever ascessary wlth the expecta-

CONFIDENTIAL T
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tion that somo noine will be appornut.
Although twelve ntrain pepas Bre mupplied from 8 single mastsr osoiliator,
therse 15 'a separate power amplificr stuge for cach gags and honce no fsolation difficulty

wa& observed on the siruln channels.

S - . N — "
 D. AMr-Bldist Giges S : - -
No difrioulties with the airablgss% gages were experienced. ) 7 B
E. Iostrusentscfor $oil Weasuremeatr =~ - ° . SRR,
. o . - ‘ /},‘// ) \\,G . . o . el = ‘ -
- In the accelerometers ussd below grownd, a rinrging problex similar to tbat d4is~ = -
. is8e8 praviougly ‘was exjisrisuged. Taree mutualiy perpendicular accslerometers were- )
: A B s E e S e
s B B .= - G L i T

= - =

mounted: in u qylin-driq‘al c@igter; Barly trials fn-w

Pz

hichi"a “oanister was thymped with a =~ .

wae cureéd by wodgisg o Bmall~

canigter. L e LoTTT T T
e o - 7 V ~ - . N F R -
Ko technical éifficuities-in the messurement of hydrostatic pressure in the .’ i
-80il wsTe oxporisnced. The fact that there is some doubt in regerd to the interprgié‘f b )
tion and sigai _r'ic':anca of any such measursments is'not & part of the Snstusentation.
_%j ] ”\\\“ . ' o . o A_—‘i == e L .
¥. " Cable B B :

Scige ctible breskeys was vxpexlenced In the full-scale teds. A1l the Lrsakege
— /:“ . > - 3 T : N
‘pocurred suffieclently Lugig after the explodion to supgest stropgly that it wau caused
entirely by the fali-out materisl. This conolusion is further coarirmed by the fact that

hearly all £be breakuge vcowrred on cables leading to gages ou structures where the cable

CONFIDENTTAL
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ebove the ground could not zooily bs protected against fall-out material. Almost no
breakaege occurred on cables leading to instruments in the soil. Only one instence wasa

noted of cable breskage correlating with the arrivel of the air-blast wave. None of the
cable breakags was responsible for any important loss of primary datﬁ since the phenomaj
na of interest had all been recqrded before the fall-out material struck the cables.

It i1s suggested that in future tests, whenevér cable breakage ;e believed to
be a likely possibility, the cables be run in shailow trenches and that they bé strung %
loosely so that there 1s slack tc take care of any possible extension of the earth."Thé

WP E ik —— — — ]

trenches should be covered, probably iith.parth, before thévahot;ia fired,
The Cannon three-conductor plugs (Models XL-11 and X.-12) used on the gage

cables were a source of some difficulty owing to intermittent short-circuiting. This
was discovered in the instrumentetion check-out prior to the explosions. This trouble

is apparentiy partly a result of the small spacing in these connectors. The mechanical

connectlon is such that the tapered conical rubber jacket at the entrance of the caeble
jnto the connector is placed under heavy compression as the connector is tightened.. It
i1s our assumption that this compression resuited in sufficlient moyament of the wires and
pins so that short circuits were scmetimes produced. A different type of Canpon connec-
tor (Model WK4-21-C and WKL -22-C) is recommendéd.as replacements in future tesats.

The ten-conductor Belden No. 8743 coﬁtrdl cable was broken in several places
dﬁring the full-scale test., The control circuits had been designed s> that failure of
this cable sfter the camera motors had ‘been started4would‘notbin£errere with continued

operation and heiice No loss of data resulted from these breaks. Visual inspection in-

-dicated that the bresks resulted from chunks of cley falling on the cable. This model
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'
0 cable wag reccgnized nrlcr to ths tosts 2 not well desligned for the field conditions.

It was utilized simply becouse L% wias the best multiconductor cable available within the

time limitatlions. In future tests, Coneral Bleotric 20-gage, nine-conductor shielded

rubber-covered cable is reocommended as belng better sulted to the field conditions.

G. 0Oscillographs

The wsrforcance of i rive Uodel J Miller oscillographs was more than satis-
factory. The only instancs of slizght malfunction occurred during the full-gcale test

when the record on one csmera was obscured for a few milliseconds at eabout the time the

sarth shock reached the recording trailer. This obscuration is believed to stem from &
slight malfunction of the mechanism in the oscillograph providing for the automatic re-
placement of “he recording lsmp in case of fallure. This mechanizm (which 18 of value)
involves a reley which operates a solenoid to move a small mirror in case of lamp fail-

ure. It is believed that the relay in this particular ocamera was in pcor ad justment and

was unnecessarily sensitive to shock. Proper adjustment would eliminate this difficulty.

' GONFIDENTIAL
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IV, DATA .
Ao -Goneral - - : -
| T
The duto insluded in thin royort vore obtalued on three ghots: . ’
: - Clarge Stze Depth of CUharge o ’
i Hound No. . L1b, of T8T Sculs Feet Seale {x..) Date = - -
. mw 320,000 1,0 35° 0.5 . Moy 22,9507 | - o —
. 35 . 40,000 u.5 . .17 0 0. May 10, 1951 = < -
- R T =312 - T @568 Tole T 0.5 se=—=Kay 5,1951 R ST e ]
) “:?7777‘/ o f”‘ : ) i hhl(' = - 'V o . L= . . . i ~ = =
During saeh of E‘rfe nrse "hots meaguze:neﬂw we‘u nade cf the t.;me variat*on of ® : - =
{1} soceleration and $train .on Adové-ground ‘structures, (2) accelem‘sienf&nﬂ preaai,l.re, in o o S
LG L e e . Ve = o oow .
e the scil, and {3} air-hlast 'p’reseure. Ixi addnlon, ;ﬁiwemore gapa readings 5% the perh- 5
: " . aBent strain n‘;\ the colmxis oy tne full scale rectmgulnrn at.ructureu Nore’ xr.qde by us. - o 79, B
. T . - : C - - 3 . ;.‘::.T" v" . .
The! gemment d,sp;acament wmwwmm Qt the dl&g—mn. of tha_ = 7
V'st.ra’ftures wers meaamd by ﬁhe UsS, Coust- end Geodetic Burvey. *AlT of. thess duta, to - = C -
o the ‘extant the) are avaflublea, aTe reportec here. . B S T ) .
R — 3 As & se,parate pert of °Lﬁeae axplosion experhﬂents‘ the hrinegring Resea:cn ) .
- »_Assoeiacms ...r»de maasure...ehfs ¢n ce:-taixa undergrounﬁ atruct.xreer and” ot sofl acuieratiop , .
e and “ﬂ?essure.; Thess dau:L are g)‘_oz reported nere. o L w ° ”
- - - - ‘ ’ T ' ’ j *"7'.‘.* o -~ . ’ R e o oz ‘ - ) : A
B. 1,0 Soule. - S L SR
’ The target laysut of the full-sculs test is shown in Flgurs 4. The types of ;s
surface structures instrumented are {llustrated in Figumss v, 7, B, and 9. Superal in- i
! Sd : T ! ; i
formation on thegs surface st¥ucturvs is tabulated balow: 3 -
- - e
- | .
- | CONFIDFNTIAL h -
3 - -
3 L
‘ t
A
R
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Targ. * Col. TFooting

Design- Tigure sodivg Load Pressure
etlon ~— Wo. =~ Teec o Ura 2 Lol. Siwe 1D psf___ __ Remarks
A 6 Huavy Rochangouiar  2oh 0 3,0 6EM-12.5 1b 8100 1600 Columns failed
B 6 Heavy Reclangular 308 4.5 6m-12.5 1b 81090 1600
C 6 Heavy Rectangular 410 6,0  6"-12,5 1b 8100 1600
D 7 Light Rectangular 205 3.0 "-7.5 1b 8100 1600 Columns falled
£ 7 Light Rectangular 308 4.5 8100 1600 Columns failed
F 7 Light Rectangular 410 6,0 8100 1600
G 8 Brlidge Pier 171 2.5
H 9 Triangular 205 3.0 ' 1600 Deck separated
2350 from front foot
ings and broke
_rear mounting.
. 1600 N
;v 9 Triangular 410 .@:5 2350

The primary record of our instrumentation of the above-ground structures ig

the oscillograph records, The values in Table I have been taken from these primary oscil-
lograph records. This tabulation includes peak magnitudes of acceleration; arrival tinmes,
rates of rise, and duration of the positive phase. While these data are of Iinterest, it
should bé emphasized that very important technical information in addition to what can be
shown in tabular form remains on the oscillograph records. For example, no estimtion of
the angular acceleration of the footings can bte made by comparing the peak magnitudes re-
corded on the V and‘A accelerometers.

Table II presents values of column shear strain determined from the strain-
gage channels similar to those shown In Table I from the accelerometers. Since the

strain-gage records show that the structures continue to oscillate long after the earth
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had ess.ntially come to rest, the recorded period of this osoillation has been tabulated.
For comparison purposes, bthe uatural osz:illation period of the seme structures before the
explosion and after the dirt had voon removed after the explosion, 1as also shown in the
table.

In Figures lla, 11b, and 1llc the results of thé ¥aittemore straln-gage read-
ings of the permanent strain in the colﬁmn flanges érerpreﬁeﬁted. Wﬁittemore gage read-
ings were made on gll six rectangular structures before the shot, but it proved possible
to take readings and determine permanent strain only on the three structures wh;ch re~
mained standing after the shot. = . ) | _~-l N

Ths U.S8. Coast and Geodetic Survey made precise measuremants of the locaiion
of all the structures and of the disgonal distances on the rectangular structures. The
£ield calculations ¢o determine movemrents and deflections wers not completed in time for
inclusion in this rerort. p

Structures A, D, Z, and H suffered such extensive damage that determination of

their permanent displacement, or their distortion would have been meaningless.

'CONFIDENTIAL
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RN &oyE Fe XE &f 47 4 H ég‘f §& & K]
Rectungular AfH 3,0 Q05 U9 018 1.0  ,127  .035 1.5 4163 -3.5 .948
{losvy} AV G.u J05 0 Loy ~alé Leh A4S 092 -0.9 .192 - 148
AFA 3.0 205 .09l L0700 4.0 W42 L0877 -1.3 0 L192 ee- L142
ArH .00 209 L0090 013 1.2 L1135 . 070 .7 162 -2,2 .937
AsY 3.0 205 .094 L0200 4.5 .157  L0B9  -l.4  ,203 =e= 157
AtH 3.¢ 205 L0988 .0ul 0.6 182 .552 0.85 .250 ~--  ,250
Rectangular BfH 4.5 308 .116 012 1.0 .162 .053) =0.7% .175 1.1 .30
(Heavy) BfY L.5 308 .116 ,012 3.3 . .160 .054 -5.3 .188 --- 188
BfA 4¢5 308 .117 .0l5 Z.9 .158  .063 ~-2,3 ,190 -e= 158
BrH v?s 308 .12 017 0.85 .155  .047  -1.0  .175 -~ 175
8r¥ 4.5 308 .121  .ul5 2.7 L160  L067  -5.0 ,210 . ~-- 210
BtH 4.5 308 .120 .020 0,2 .17 .070 0.8 .358 --- ,338
Rectangular CfH 6.0 410 .139 .011 0.58 .173 .OLB -0.37 .190 =~=-- ,173
(Haavy) IV 6.0 410 .137 .0lL 2.5 .187 ,067 -l.5 .223 --- ,187
CfA ©.C L1C 137 ,023 3,0 .180 ,060 -2.1 ,210 ~--- .180
CrH 0.0 410 140 ,01C 0,57 .177 .0L2 «0.48 .194 0.9 .263
CrV 6.0 410 .140 .017 1.8 .180 ,087 -1.3} ,222 --- ,130
CtH 6.0 410 140 .01l  0.07 .18 ,060 0.55 .375  --=  .375
Rectangular DfH 3.0 205 .09l .040 1.3 -.140  +06D 1.1 ,168 © 3.0 .230
{Light) Df¥ 3.0 205 .091 .06 5.0 L1400  L081  -2.0 190 =~ 140
DFA 3.0 205 .092 .017 5.8 .158- ,082 -1.7 .192 --- ,(158
DrE 3.0 205 .096 .017 1.2 .13 L0409 1.8 L160 ~4.Y  ..9A7
Drv 3.0 205 .096 .01l 4.B .153 .08} 3.5 .23  --=  ,15)
DtH 3.0 205 .09 .010 0,3 .180 .650 Oulh 240 -0.87 .940
Rectangular EfH 4.5 308 .116 012 1.4 150 .0LS  -0,9 .172 1.5 240
(Light) DIV 4.h 308 L1170 L0120 3T W13 LLed8 -3.00 L1190 -3.7  .913
EfA 4.5 308 L1185  LOl4 3.3 L1600 L0072  -3.1 0 L213  -e- 100

Eri 4.5 308 .121  ..10 1.0 .158  .OLS 1.0 222 ---  .158
2ry 4.5 308 .120  .012 3.7 .158 .0BO 2.6 ,262 --= 138
EtH 4.5 3G8 .125  L012 <-O0.14 .17 040 0.3 .397 -~ 397
Rectangular FfHE 6.0 410 .139 .0l12 0.6 .162 .04l -0.8 200 1.6. .227
(Lignt) FCY 6.0 410 .137 .0l 2.9 .17% .UL7 -1.86 .218 ---  .17%
FfA 6.0 410 .136 .00 2.3 .176  ,049 =30 .212 --- .212
PrH 6.0 410 142 .01l  O.L  .175 .O46  -0.70 .200 1.7  .227
Fr¥ 5.0 410 .139 .01C 3.0 .180 .063 -2.8 .225 --- .1B0

¥t 6.0 410 .14l .0l0 =-0,05 .180 .030 0,28 .L10 === 410
‘Bridge Pler GpH 2.5 171 .078 .030 3.2  .190 .263 =-3.7 .948 --=  .9u8
Gp¥ 2.5 171 .076  .033 3.6 140 150 -1.0 425  --= (140
Gph 2.5 171 .077 035 4.0 142 160 -1.2  .L20 ---  .142

Triangular HsK 3.6 205 .095 .0l4 1.2 .1u2  .2%0 1.6 .207 -6.0 .933
Hs¥ 3.0 205 .093 .0l7 4.4 .155 .08L ~1.L .200 4.5  .524

HeA 3.0 20, .052 .029 4.4 158  .095 ~l.4  .200 6.8 .523

H:H 3.0 205 .091 .020 0.7 .1LO0  .267 1.7  .200 =1.3  .950

HAY 3.0 205 .090 .02% 3.2 .152 ,088 -1.0 .200 4.2 940

HdA 3.0 205 .088. .028 3.8 .156 .098 -1.2 .200 -5.2  .940
Triargular IsH 4.5 308 .122 - .018 1.3 .160 .048 1.1 .227 2.2. .275
IaV 4.5 308 .119 .012 3.2. .,162 L0649 -1 F -,208 -5.0 ,270
IsA 4.5 308 .117 .010 2.8° .153 .063 - -1.5 .200 -6.0 .263
185 4.5 308 .119 .01l 1.2 .17} .06 0.7  .222 --= 173
Iav 4.5 308 114,012 1.7  .150  .067 - -1.3 204 --- (150
IdA 4.5 308 .,117 .013) 2.5 .168 ,060 -2.5 ,195 --= 168

* Try first letter 1s the structure dosignation (see Targe! Layout plan). The second
lettar refers to gage poxitiou on ithe struoture; f and r denote front and rear footing
respectively; ¢ denotes top deck of structure; p denotes a bridge pler; s and d denote
a shallow or deep footing respectively. The third letter rofersm to the type of meas-
uremsnt made; H and V denote tho horizontal and vertical accelerations respectively; A
denotes the auxiliary vertical scoceleration.
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Q.5 Pk L5015 2.8 ,38% Q40 R 135 (91 0.0 L2600 =L, B5 67C -
.4 ™y LS 154 2.5 .08} 018 1.0 120 074 -0.9 L1970 -— 12¢
0.5 o U A S C YA 2.5 053 O - U 0730 0.15 L4580 =009 ’15
C.5 ety Leb 154 2.5 [0):11 LURHE [$ L8 - 0.72 718 - 18 ,
3.5 Bril 4eb 154 8.0 .085 .05, 0.3 <140 106 0.6 375 =~0.8 650 ’
0.5 8V L.5 154 8.0 .082 L.Q26 0.85 .124 076 =1,0 177 1.0 .328
C.5 ST LeS5 154 8.0 .085 L0212 G.15  .115 .058 =0.2 192 ~-C.25 <68
0.5 8mP 4.5 54 3.0 .C5C 2122 0.3 677 -—— 0.5 . 723 - .723
0.5 GuH 0.0 205 2.5 10 .02) 0.21 .140 .100 0.2 .285% 0,21 ,736
0.5 v 5.0 205 2.5 .J.,,\ LO17 C.8 .130 067 -0.85 .185 -1.0 .12
0.5 ST 6.0 205 2.5 .1i0% L0110 -0.02  .127 .039 0.C4 162 =0.07 .775%
Q.¢ P 6.0 205 2.5 .11l .016 0.0} .13C 062 0.02 .1460 0.16 .785
0.5 15xH 8.0 275 2.5 .125 0238 0.14 .172 .187 0.27 .290 0.37 .650
.5 15aVv 8.0 275 2.5 123 025 0.43 .170 075 0.4 L2450 -—-=' L1170
0.5 l6wH 10 350 2.5 .138 .034 0.07 .202 .200 0.17 .288 0.25 .,670
0.5 “4av 10 350 2.5 .138 Q20 0.2, .182 068 -0.32 .25 —-- 2245
* See page 0. T denctes transverse acceleratiocn,
TABLE VIII
AIR PRESSURE .
2 ° ~ o @ - y i
< [ g &
. A A S
., " © ~ © ° o © &~ e O b
£ &> s FE N7 4y 47 S8 Fs S8 :
L 2. T S - S& & & . A ~ S s '
& &S & 5 KA § = o o~ 34 3 5
o & @ S PR 5 N~ gy 2 om o2 ~ L3 A
o <& L < & L g N ] & S ;
0.5 P19 3.c 1c2.5 .086 1.1 2.3 -0.8 .103 .035 493 "
0.5 P) [ 154 132 0.5 1.6 ~-0.5 097 031 477 N
0.5 Pls 6.0 05 <175 a.5 1.6 -0.45 .098 023 A o]
0.5 P16 8.0 275 .236 0.3 1.2 -0.3 +096 .025 47
0.5 7 10 350 2302 0.2 0.85 -0.25 104 <023 « 429
0.5 P18 13 450 .89 0.15 - 0.65 -0.15 - G111 021 408
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Figure 20. Target Layout.
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D. 0.2 Sosle

Niune surface strnatiresa wuro luctrumented in tho 0.2 sosle tust, The dispopl-

tion of th,u structures 1o chovil Ju Flgure 20, Tho structures tested ware a8 follows:

ceomss . . i

Tevewt . 0 . weagtem . e

Design- Figure e --Hedius Breseyre - I .z

etdon  No. . | Typs~ _ 4.7 £t A -paf . : Wmar&s A .

- .- N L0 T A ————— — -
R =2 Trlangnax’ Stamu oL b1 3w00 16007 .aurged deck- behmg roomngs
o Tats Kudel of i Siml <. - 18GO- . G

\ e - A LR
\ S Dupligate of Q el 6 4.5 1600 - Deck ahead” ot roounga., .
- i .. 1800 :

e s uﬁ.ﬁg‘&'cﬁﬁ&glc - ‘r‘r(r 7:‘"5' 320 WQYsplaooc.
e v Mo¥sl of B 00 - R L

L3 Rect.éngx er Statio gl 231007 - Burled and collapaea--deck
' Model 3f D .0 - oo e L - fBll forward. } -
Duplicate af T- .  6l.6 455 "7 Major deformation. .
Bupluioat.e of-T —~—~ g2 "~ 6007 ' Some dsformation. "

. S . - 5

_ Raet a_‘gzﬂat_ﬂ.xr.nﬂicﬁ , SRR Some deformation. S . - a
- T g
1.6 4es” @urieﬂ agd oonapsad--dmx o

= (_ﬂ__,ﬁtail_z.n_%he Tear.
6T e ~Neg’i’igible deromticn,f

‘mese st.ructurss "y E’Imumu,d i-: rigursLiu meugh zt;. “The data cin theiz-

5 e -

acceraration are pz‘esen'ed i "'abl:a E. ""xe dkagonal extensi{ma or the ructuxxgkﬁur stmo--

—
PR e

. _tures and ‘be pevr‘unen* d”ispxa.oe...ents 5 ; structures and cr threa ncmm::er.t.s arar« dg-

- o ~

S

Qemmed u} tne B 3. Coasl e.nd Geodgtic S‘urvey A.lthou‘gb, an’fo:tuqately,-no sket.oheg waref'

-ado to revord ‘*ha location‘s of tna m&eured miuts oD, ’cha structuras, tha éetimatei lm—'R

oatlons deduced from t,he Burvﬁ_{ foswitenents are relt, cw ‘os almosl’, car‘;éillh‘ a8 ahm\m iD

RN

‘Figure 25. The tebulos data arc centgined in Tablas H aud II.

ﬁawrm. roriods oi ,t.hs ruot.nngular struoctures measured before trd aftor the

shot are raported in Tsble XIT, Accsleration &nd prossurs we Sursmentd in the &5:1 —are-

shown 1o Tuble XIXI apd acasufenents of sir-blast pressuso ace contained in Table X1V,

The most striking featurs of this test was the 'éxtxjaordin‘ar,y wuceatration of

throw-cut matorial in o anarrow saotor close to Targets €, T, and X
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> g3 J i~ 7

3 R e A Y Y

s o 8~ § & < MR, R Ty b o<

g TS0 T4 R ey 9 g 5 .3 g
fa -5 Fs Fs 255y 85 55 59 45 5y 45
B FFIS YO Y FE AL CA o 94 &4 45 T
Triangular QsH 3.0 41 .032 .017 8.0 .07, .033 16.0 .085 -18.0 = .090
(Statle) Qs¥ 3.0 41 - .032 .020 9.0 .078 .037 18,0 .090 -33.0 .095
QE 3.0 41 . .032 .035 13.0 .108 .05 -9.0 .114 ~-16.0 .120
Qv 3.0 A .03% .023 2.5 .O74% .042 2,0 .103 140 121
slangular Dk Lo ©1.9 LG22 .0%0 =55 L2220 -10.0 4RO
{Zeatic) sV L.5 Glass #0453 RS 108 PRVISE 052 3.2 .25 -10.%8 . 382
BRI 4.5 ALJS L0L2 220 3.7 L055 L0037 =7.2 L2200 -9.5  LLALO
AV 4.5 HL.H 0L s 1.7 . 090 <047 2.0 .215 -12.0 -415
Trianguiar SsH 4.5 61.5 .CLbL viy o 2.3 .092 046 -3.7 .218 -7.8 L5590
Dynamic)  Sav 4.5 61.5 .043 212 1.5  .075 .O45 5.3 .220 W5 L4830
SAH 4.5 61l.5 043 315 2.0 090  .042 -3.8  .220 - 220
SV 4.5 61.5 041 012 1.5 . 090 062 2.0 .216 13.5 .327
Rectangular TfE 3.0 41 .03,k .025 9.0 .074 .068 -1.0 .116 ~1l.5 .827
(Statio) TfV 3.0 41 .035 .020 8.5 .077 .LO4L -1.5 .213 11.5 .796
Trd 3.0 L1 .03 .030 8.0 .081 .055 ~l.Q .21C 8.5 .560
Te¥ 3.0 LI .035 .015 6.0 .079  .Ou6 1.0 .13% - ,079
T¢E 3.0 41 .034 .012 -0.25 .073 .022 0.A5 .096 0.90 .820
Rectangular UfH 4.5 61.5 .0L5 .050 2.7 .100 084 0.5 .135 3.7  .L60
(Static) ULV 4.5 61,5 .045 .033 2.1 .106 .,050 -0.75 .195 4.9 .460
UrHE 4.5 61.5 .Ou6 .047 2.0 .108 ,067 ~-0.5 .122 8.3 .,18
Urv 4.5 6.5 .045 .038 1.8 .112 .078 0.5 .132 8.0 .15
UtE 4.5 61.5 .0L9 .OLO 0.65 .ilé .154 -0.15 .238 -1.2 .460
Rectangular V*E 6.0 82 .052 .032 0.65 .073 .093 0.95 .126 -1.8 .205
{static} V£V 6.0 82 .051 .017 -0.35 .080 .017 0.55 .098 1.1 .210
VrE 6.0 82 .055 .018 0.35 .077 .030 0.8 .125 -1.5 .205
Vrv 6.0 82 .055 .018 -0.3 .08% ,019 0.6 .100 1.5  .220
vtH 6.0 82 .054 .C28 1.6 .105 .138B 0.5 .150 -—- 150
Rectangular WeH 3.0 41 .031  ,022 13.0 .063 .040 -1.0 .075 -——- .063
{Dynamic) WV 3.0 41 .03l ,010 13.5 .063 .04 1.7 .085 -—— 063
WrH 3.0 41 .034 ..025 8.0 .066 .O42 2.0 .085 10.0 .640
Wrv 3.0 L1 .034 .020 10.0 .070  .OLS 1.5 .110 13.5 .542
WeH 3.0 41 .03, .010 3.3 .072 .135 -0.8 .21C - .072
Rectangular XfH 4.5 61.5 .043 .O46 2.2 .097 .098 -2.7 .213 L.6 402
{Dynemic) XfV L.5 61.5 .04L3 .016, 1.4, .088 ,084 1.3 .220 9.2 420
XrHE 4.5 61.5 .047 .Oh6 2,0 .09 .090 =3.0 .213 -—— ,213
XV 4.5 61.5 .945 .006 1.7 .0B2  .057 2.0 .222 Lely o425
XtH 4.5 61.5 .046  .034 1.5 110 .110 -l.4  .227 --- .10
Rectangular YfH 6.0 32 .051 .023 0.6 .076 .l15 1.0 .l120 -2.8 .212
{Dynamic) YfV 6.0 82 ,050 .026 . 0.85 .090 .045 0.65 .120 4.2 .382
YrE 6.0 82 .05, .026 0.4 .080 ,031 1.3  .093 -3.0 .210
Yrv 6.0 82 .054 .015 -0.25 .073 - .0l5 0.7 .09% 4.3 .212
YtE £.0 82 ,059¢ .057 C.9 L135  .115  -l.4 o .220 - .220
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0.2 Scale

PalDIANEST DISFLACEMENTS

Digplacemcenis {(ib.)

q)»Z) b\ ‘;/ N
) ~ st
& 'é’b -§' ~ \(O\ *5? zf:y ™ Loy
°J - @ 2 w o & S5 YN ws Ly
o O 30 > o 4 g v Y Y L & < AQ’
S& L A O A O
&5 o &5 L& Y Na J =
Triangulsar Q 3.0 41 Footing A Demolished
(static) Footing B 0.60 ~0.06 0.11
Rivet 1 1.85 ~0.11 0.21
Rivet 2 1.44 ~0,28 0.09
Rectangular T 3.0 Ll Footing A 1.31 ~0.10 ~0.142
(Statio) .
Rectangular w 3.0 K1 Footing A 3.20 .16 0.35
(Dynamic)
Monument Ry 3.0 41 Rivet 1 0.720 -0.05 Ouh4l
Triangular R 4.5 61.5  TFooting A 0.19 -0.02 ~0.03
(Static) Footing B 0.141 0.02 0,02
Rivet 1 0.036 0 -0.05
Rivet 2 0,062 0 -0 03
Rectangular U L5 6l1.5 Footing A 0.327 -0.03 0.05
(static)
Rectangular X Ls o, 61.5  Footing A 0.131 0.05 .37
(Dynamic) L ,
Monument R, 4.5 615  Rivet 1 - . 0.143 0.03 0.03
Trisngular s 6.0 82 Footing A 0.166 G.0L
(Dynamic) Footing B 0.130 -0,01 Ys
Rivet 1 0.064 C,.02 S
Rivet 2 0.100 0.C2 DLCH
Rectangular v £.0 82 Footling A 0,042 -{,01 CuCl
(Static}
Rectangular Y 6.0 82 Footing A 0.042 -0.01 0.02
(Dynamic) -
Monument R3 6.0 82 Rivet 1 0.037 ~-0.01 0.01
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DIAGONAL EXTENSIONS

&y
. [+)
& o ™ ~
NI v = 9
) “ & S (5] “ @ B
g 5 3 7o S L ‘3? Pos
4 < ] oL o . ) Ay
oy & &g FE g & w
Rectungular T 3.0 41 1 to 3 Demolished -
(Static)* 2 to 4 -
Rectangulsar U L.5 vl.5 1l to 3} 4,023 40,84
{Static) 2 to 4 ~.135 ~4.91
Rectangular v 6,0 82 1l to 3 ~.052 ~1.91
(static) 2 to & ~.216 =7.99
Rectangular W 3.0 L] l to 3 ~.170 -6.21
(Dynamic)* 2 to 4 +.049 .79 -
Rectangular X 4.5 6l.5 1 to 3 Demolished -~——
{Dynamic) 2 ts 4 -
Rectangular Y 6.0 - 82 1to 3 ~.003 -0.11
(Dynamic) 2to 4 ~.008 -0,29 .

* Static models were loaded with a heavy upper deck {54-inch steul).
Dynam!lc models were loaded with a 1ight upper deck (l-inch steel;.

*# It i3 presumed that point 1 was on a front footing; Point 2 vas oy
the deck above Point 1l; Poln' ~ was on the deck above Point 4; Foint
4L was on the resr footing radially outward from the front footi:ig.

TABLE XII

NATURAL PERIODS

2
I~ )
S 3~
G~ £
o . ©
’ = SR
> ) - ] &
o3 ¢§ S~ 5 5?::_ Oy
o & o ~ o ~ © G 3.0
S Y D > . O I3
&5 o & & @‘? & & Q?q,
(g.\ & o N wQ’O ,
Rectangular T 3.0 41 271 ———
(Static) ) Leb 61.5 - .282
v 6.0 32 .269 .298
Rectangular w 3.0 41 - .213
{Dyuamic) X L.5 61.5 .123 -_—
Y 6.0 82 131 .123
»
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0.2 Scale

Ar

v TN
—
2]
Qi
£,
O

~
3

LO60
L0633
L0623
0%5
.088
2195
. 204
.105
.180
<194
.197

o
-0.75
l.45

0.4

<113
. 260
.0B4
156
.195
.176
.138
177
125
.095
.180
<175

_105
~-2.0
-2.0
-1.0
-1.6
-0.5
’0-3
’OOLS
0.7
0.25
-0.&
-0'15
041

.060
. 060
042
.080
.091
.037
. 060
.100
-093
.020
.024
.076

“0-7

.060
.063
.063
075
.088
+093
.100
.105
.075
<074
.095
. 094

2.0

3
2

4
2
1

9.5
7.0
2.5
2.6
1-7
0-6
0.
-Oo
0.
0.1

TABLE XIV

AIR PRESSURE

.028
.029
.028
.020
<045
«035
.028
0009
.005
042

.02¢8
.G30
-033
.036
.040
<045
.050
.050
-050
.058

2.5
2.5
2.5
2.5
Li

2.5
1 denotes transverse acceleration.

3.0

P20

0.2 1limH 4.5 61.5 2.5
0.2 1llmP 4.5 61.5 2.5

0.2 1l2mH 6.0 82
0.2 1l2mV 6.0 82
0.2 12mT 6.0 &2
0.2 l2mP 6.C 82

0,2 10mT - 3.0 41
0.2 10mP 3.0 &4l

0.2 10mH 3.0 41
0.2 10mV 3.0 41
* See page 30.

.050
.069

61.%
82

w o
30

.
-

P22
P2,

N N

.
.

.192
. 170
172

.010
. 009
. 008

.045
. 046
048

‘053
-0.25
-0025

'ONTTDENTIAL

~

* See page 31.
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V. AWALYSIS AND CONuinitn

A, Soll Keasurerents

-

The arrival times of the vertical acceleration in the soil plotbea mgoincst

scaled distance for the three explosions are shown 1n Pilgure 26. In this yisure tho
symbol Vp has been used for the avarage velocity from the charge to the point spocified,
whereas V has been used to designate the apparent velocity indicated by tho diftrzroance in

arrival times at two adjacenf'measurement points. The fact that the valuez of busth V and
Vn increase with increasing A for all three explosions is consistént w#ith other informa-
tion indicating that the seismic velocity at Dugway increases with depth below the sur-

face.

The magnitudes of the first peak of horizontal end verticel acecsiers~ion in

the soll at a gage depth of 2-1/2 feet have been plotted against scaled distances for the

three explosicns in Figures 27, 28, and 29. On the basis of inforumeticn o1 Lrovinus
tegts, we made estimates of the peak accelerations to be expected on *:i~ 7.1 sgn.o shot,
It was of considerable satisfaction to us that the measured values as . :.cated in Figure

29 were reasonably close to our estimates (within about 25 per cent). As a recult of 0.2
scale tésts, we estimsted the peak accelerations for the C.5 scalc shot and were socewhat
chagrined to find that the measured values ss indicated on Figure 28 were significantly

lerger than our estimates, particularly for values of A larger than 3 or 4. In reviewing
the peak accelerations of the 0.5 scale test in order to prediet the values tc be expected

on the 1.0 scale test, we were in a quandary as to which part of the broken curves to use.

It appeared probable that the lower part of the curves on Figure 28 should be used but we
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Figure 26, Time of Arrival of the Vertical Soil Acceleration
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were reluctant to make so drastic a change as those figures would indicate. The measured
values on the 1.0 scale test, as shown in Flgure 27, demonstrated that we should have had
confidence in the lower part of the 0.5 scule curves. Further consideration upon comple-

tion of all the tests suggests that the absolute distance as well as the scaled distance

40 e must be considered. It 1s our belief that the change in
30

O,S“EXJ\ velocity with depth is primarily responsible for the change
20

in magnitude and slope, and that the higher velocity in the
1.0 Scat

© \ ~ lower layers first becomes important at Dugway at a radius
s Co L .
b from the explosions of 175 to 200 feet. i
os
o4 The pressure in the soil as messured In the oil-
i filled bag is plotted agalnst scaled distances r'or all
o2 !

2 3 three shots in Figure 30. As has been mentioned previously,
a0 ? these measurements were not a part of the Dugway contract
o0 LY
:Z \3‘ and are included simply for completeness.

m ¥
o4 “— E\ The B.R.A. data on soll accelerations and pres-
|

;: : il su~es which were available at the time of this report have
002 ;

0 ¢ 02 Scele : been studied briefly. Attempts to compare them with our
= 0.5 Seole !
3 - 10 s;x. I
ooy ; 3 e N 0 measurements have not been satisfactory for several reesons.
Py
Figure 30. Peak Value Soil The B.R.A. data were taken at different dspths, different
Pressure.

radii, and in a different sector. Although there is an
overlap in radius and we do not feel that the difference in depth explains the wlde vari-
ance, it is entirely possibie that the difference in angular positlon of the two groups

of instruments is quite important. Important dissymmetries in the crater outline and the
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depth of throw-out meterial, particularly in the 0.2 scule énd tge 1.0 seale shots, lead
to the‘expectation that measurements at the game digtance but at different acgular posi-
tions will not be identical. In asddition, the characterietics of the primery gages and
the recording systems used by E.R.A. and the Institute are quite different. PFor these
reascns, one should porhaps not expect correlation. Compariecn of the actual rigures
leads only to these generalities. The E.R.A. measurements of soll acceleration appear
to be larger than ours in every case. Sometimes the factor is as large as 10 to 100.

The B.R.A. data on soil pressure are universally larger and no'single oultiplying factor

%s apparent,

- —rr -

B. Alr-Blast Measurements

The peak values of the free alr pressure side-on, as z—easured on all trree ex-

plosiong, are plotted in Figure 31 as a function of the sceled distaice. These ~eesure-

»

ments of air pressure are perhaps the most satisfactory of &ll our —easurements as far 8s

self-consistency and correlation with predfcted vajiues is concerned.

C. Structure Measurementa
/7

it is of some interest to note in Tables VI and XI that for the most part the

borizontal displacement of the footings of structures was greeter tuan that of the monu-
ments at the same scaled distances on both the 0.2 scsle shot arnd the 0.5 scale sihot.
There 1s a single important exception to this statement at A=® 4.5 on the 0.5 scale shot.

The permanent vertical displacement of the footings is universsally less than that or the

unloaded monumsnts.
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depth of throw-out material, particularly in the 0.2 scele and the 1.0 3cale shots, legd
to the expectation that measuremernts at the same distance but at different angular posi-
tions will not be identlcal. In addition, the characteristics of the primary gages and
the recording systems used by E.R.A. and the Institutoc are quite different. For these
reasons, one should p¢rhaps’ﬁot oxpect correlation. Comparison of the actual figures
leads only to these generalities. The E.R.A. measurements of soll acceleration appear
_to be larger than ours in every case. Sometimes the factor is as large as 10 to 100.

The E.R.A. data on soll pressure are universally larger and no single multiplying factor

is apparent.

B. Air-Blast Measurements

The peak values of the free air pressure side-on, as measured on all three ex-
plosions, arz plotted in Figure 31 as a function of the scaled distance. These measure-
ments or air pressure are perhaps the most satisfactory of all our meacurements as far as

self-consistency and correlation with predicted velues is concerned.

C. Structure Measurements

It is of some interest to note in Tables VI and XI that for the most part the
horizontal dispiacement of the footings of structuresvwas greater tuan thet of the monu-
ments at the same sceled distanecses on both the 0.2 scale shot and the 0.5 scale shot.
There is a single important exception tc this statement at A = 4.5 on the 0,5 scale shot.

The permanent wvertical displacement of the foctings is uniiersaily less than that of the

unloaded monuments.
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On the full-scale shot the usefulness of the data on movements of both the
soil and the structures 1s somewhat diminished because of the angular dissymmetry of the
explosion. This was first noted on an aerial photograph of the crater, which shows that
the radius of the lip is greater in the sector close to Target H. Further check revealed
that the hole excavated two years previously was in this same sector, as indicated 1in
Figure 4. |

On the 0.5 scale shot our records indicate an anomalcus behavior of Target N.
When the records of the V and A accelerometers of thls target and Target O (both of which
are bridge plers atA= 2.5) are compared, there is a suggestion that N tilted forward
initially whereas 0 tilted rearward initially. In addition, the Coast and Geodectic
Survey measurements indicate that the radial movements of these two structures werz sig-
nifticantly different. (A slight inconsistency in some of these measurements is being

checked further.)

In the 0.2 scale shot the most extraordinary feature was the asmazing concentra-
tion of throw-out material jn a narrow sector directly traversing the arez in which our
structures were placed. Thus Structure X at A= 4.5 was completely buried while Structure
W, which was a duplicate of it ata= 3, suffered culy minor deformation. Ancmalous be-
havior was noted in several instances. For example, the triangular structure Target Q
was found with the deck behind the footings while similar Structure R was found with the
deck displaced ahead of the footings. Similarly, rectangular Structure T fell forward

whereas Structure X fell to the rear.
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